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c2nN2n°2n Systems. Proximste Nitro and Cyano Groups.

An interest iz c2n"2n°2n molecules 2s energy sources and
explosives can be sttributed, in part, to an exothermic formation
of gases brought about by an irreversible bond redistribution,
.8, c2n“2n°2n - 2n CO + n N2 + energy. Dimitrososcetylene
1, a representstive of the family with n = 1, is unstsble (isolat-

od at - 80°C) and is also kmown ss the di-N-oxide of cynno;en.l

Apparently iscmers, e.g., O=C=NN=C=0 and ONmCN=CO, are unknown.

0=NCuCN=0 «—— Q0-Nac-cauNio~

1

N-oxides of orgamic cyanides dimerize readily imto furoxans.
8o, polymeric furoxans 2 (unknown) are, in principle, polymers of

compound 1.

— _ e \

' 7 No. 7 c\\+_\
N N O N XK O

\\\0/// \\\0/// /

2

Althovgh benzofuroxan 3 has ot been prepared from compound 1,
it is a trimer, CGNGOG’ High enargy and explosive propertieos of
compound 3 hsve boen investigated; but it appesrs to be too unst-

2,3

able for prscticable application. All isomers of C_N_O e.g.

66 6"
3 and 4 (unksnown) sre expected to produce gases and energy by ir-
reversible bond redistribution. By a simple bond redistridution,

sets of six equivalent C atoms, six equivaslent nitrogen atcoms,

snd six equivalent oxygern atoms are present ir compound 3; a




similar property for compound 4 can account for a set of six

equivalent oxygen atoms (curved arrows indicate the redistribu-

tion).
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Othozr bond redistributions in canZnOZn are also expected

to occur thermally. By this simple process an isomerization of
dinitrofumaronitrile 5 (snknown) intc the di-N-oxide 7 (uaknown)
of dicysmofuroxan (both 5 and 7 ate examples of C,N,0,) is

47474
expected.
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Since dinitzofumaronitcile S may slso thormally equilibrate
with dinitomsleonitrile 8, difficelty in isolating a discreet
molecular species in oaur unsucessful attompts (sse Parts II, VII,
and IX) to obtain compound 4 by oxidation of disminomsleonitrile
2 (resdily avasilable from hydrogen cyanide) cam now be appreci-
ated. In sddition to the bond redistridation resctions, com-

pounds 7 can polymerire, cf., 2, xud dopolymerize into the unsta-

bls compound 1.

NCCNKz [o] NCCNO2
—F— !
NCCNHz NCCNO2

2 g
- +*
02N-$CN

+
OzNC CN

3

I-+6 -~ o.g-éyGﬂad%-n-o - 21
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ON NO




Since dinitromethylidene malononitrile 10 (unknowzn) may be
less susceptible (than is now presumed for its isomers 5 and 8)
toward bond redistribation resctions, its synthesis 2s proposed.
That the nitrile 10 msy be susceptible to ring-closurc4 fol-
loved by dissccistion intc oxomalomonitrile 11 and nitroformoni-
trile oxide 12 is recognized. A relsted dond redistributior may
interchange 1,3,5~tricysno-2,4,6-trinitrobenzene 13 into its tris-
oxide 14 (both unknown). The latter would surely polymerize.

ozrulmoz ozmlr-rla’o‘ o,NcaNTOT 12

NCCCN NC?—O +

10 CN NCCOCN

SN

O-~N I

NOz /
€

=
NO, ~N
N o—

13

14 —> Complex polymers.

In sn anion of an a-nitronitrile there is also the oppor-
tunity for intersction between the functionsl groups. With
clesvage into an isocyantte anion snd a nitrile oxide this can
sccount for the hitkerto unexplained formatior of benzonitrile
oxide (isolated as its dimer, diphenylfuroxan 1J) and trityl iso-

cyanate 16 whe¢n the silver 3alt 17 of a-nitrobenzyl cyanido was
treated with trityl chlo:ido.s




CH,CCN  __\  CH,C=C=N ~ CH,C—C=N
[ = _ 5 = U |
NO, 0—N=0 0—N—0

17

—» CH,=NO + NCO

A
-0
“o

15

2CH,C=NO  —>  CHC—CCeHs

NCO . (cH)cCl —m (CuH) eneco
18

At the present time there are nc known examples of the sys-
tem CZnNZnozn for n > 3 (furoxan polymers 2 are unknown). A
polymeric dinitropyrrolonimine 17 formslly reprosents self-addi-
tion of the two cyaao groups in compoumd § (it is, of course,
isomeric with 2 polyfuroxan 2). A resction inmitiated by radicals

or anions is pzoposod."7

oz"cl‘ NO,
radical / - \C
= initiation C =N
Q\N" “]
m
17

On the other hand, compound 8, becauss of its presumed
instability, may be precluded ss a precursor to its polymer 17
(expscted to be stadble). Fortunately there are, in principle

other routes to the poiymer. Replacement of chlorine atoms in
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sither 2~-amino-3,4-dichloropyrrol-5-one 18 or its poiymer 19
(both compounds are knovn)a by nitro groups will be investi-

gated «s 2 source of the polymer 17.

In thic work (see Part IX) two routes to trisminopyrrolone
20 have besn developed. An iavestigation on the preparatiom of
polymeric disminopyrrol-5-one 21 and its oxidation into the poly-
mer 17 is planned. The necessity for the protection of amino

groups by temporary derivitization is, of course, envisaged.

™~ -
R R R R
HN =0 Tho g =N— —= 17
2
18, R=Cl
I Jm
2_0, R= NHz E'R= C|

21 R= NH,
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BICYCLIC PEROXIDES FROM A 1,3~DIR2EPINE
V. 7. Ramakzrishnan? and Joseph H. Boyer*

Chezistry Departxent, University of Illinois
Chicago Cirsie Campusz, Chicago, Illinels 60680 U.S.A.

Abstract - An adduct, 3,4-dicyano-1,6~dimethyl-2,5-diaza~7,8«
dioxabicyclo{4.2.1Jnon~3-ene, was obtained from 2,3-dicyano-5,7~
dinechyl-6H~-1,4~diazepine and hydrogen peroxide in the prasence
of alkzli or a tartiary amine, It was dehydrogsnated by iodo~
benzene diacetata into 3,4-dicyano-l,6-dimethyl-2,5-diaza-7,8-
dioxabicyclof4.2.l])nora-2,4~diene; further oxidation by m-chlo-
rogerbenzosc acid gave ¢,5-dicyano-1,8-dimethyl-2,7~diaza-3,6,9,

10-tetraoxatetracyclo[6.2.1.0%7 0%+ " Jundecana.

Hydrogen peroxide in tha pressnce of scodium hydroxisa or pyridine in methanol, or
hydrogen peroxide in acetonitrile efficiently transformad 2,3-dicyano-5,7-dimethyl-

6H-1,4~diazepine }:f into 3,4-dicysno-l,6~dimethyl=-2,5-d!aza-7,8-3ioxabicyclo-

[4.2,1}~non-3-ene 3_5,’ the first example of a bicyclic peroxide from a ciazepine.
Oxamide was a minor by product. In the absence of an alkali or an amine the re~
action in methznol gave traces of the adduct 2a and larger amounts of oxamide and
2,4-pentanedione. Peracids, e.g., m-chloroperbenzoic (MCPBA) or trifluoroperace-
2ic¢ acids, either failed to react with the diazepine }’5 under mild condiz:icns or
gave intractable mixtures under more severs conditions. The detection of an iso-~
cyanide odor during peroxidation of diazepine la is belag invsstigated.
,NH—/c(
C{i, + (HzNCO),
-C ‘/R 3

2a

pare

a, R-R‘-C.‘!nb,a-n‘-c,a,;c,va‘Hs,R'-CH_




Anticipated reactions between a hydroperoxide and a diazepine apparently
did not occur since neither an oxaziridine,’~* a nitrone,’ an amide (other than
cxamde),,‘ simple ring cleavage,’ nos ring contraction® was detected. The forma-
tion of oxamide 3, was attributed to the hydration of cyanogen,’ a degradatior 1in-
termediate, by aqueous peroxide. Attempts to obtain peroxides 2.‘1:.5 frem diaze-
pines 1‘2',_9. and to obtain 2,3-dicyanc-5,6,6,7-tetramethyl-6H-1,4~diazepine from
3,3-dimethylpentane-2,4-dione and diaminomaleonitrile by an adaptation of the pre-
paration of the azepine }_gl were unsuccessful.

The peroxide structure 23 was directly supported by ir spectroscopic detec-
tion of NH, C3N and C=C functicns, by 'H and !®Comr detection of methyl and methyl-
ene protons and carbon atoms in CH , CK , CO and CN functions; by molecular weight
determination and by elemental ann;.yallx. On starnding in methanol (25°C, 90 hours),
or on heating neat above 125°C (dec) the peroxide 2a fragmented into 2,4-pentane-
dione and presumably diiminosuccinonitrile 4, a precursor to cyanogen and oxamide
3. The latter was also obtained(47%) from the cyclic peroxide 2a and hydrogen per-
oxide in m.thanol (25°C, two days). Triphenylplosphine converted the peroxids 2a
into the djazepine la.

)P
(cH,co),cH: + EHN-C(CN))] DL LI —:’—>1a + (c.n,) PO
CH,0H
M0, |’ -2HCN H,0
2a 15, 4ah L"" g (CN): H,0, EX

Iodobenzene diacetate in benzene quantitatively dehydrogenated the peroxide
2a into 3,4-dicyano-1,6-dimethyl-2,5-diaza-7,8~dioxabicyclol4.2.1]nona=2, 4-diene 5
(see Experimental Section for confirmation data). Without a trace of isomerization
into a bisoxaziridine .'6‘, thermolysis again gave 2,4-pentanedione but the remaining
mixture #as intractable. During chromatographic separation from silica gel hydra-
tion of the dicyanide § gave the di amtde 7, whereas an azomethine adduct 8 was ob-
tained from methanol containing sulfuric acid. The dizzepine la was produced in

small amounts from the peroxide S_and triphenylphosphine.
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CH 0
N—C N
z AN
. NCC / o N—CCH,
2a C.H,l(OCOLH,)z i CH, | at NCC 4
—_— ——p
ey CH, N(:(:§ \ /0 Ne (I,! CH,
N—-C N /
CH, N—CCH,
\_/
s, o
6
o~
OCH,
4 |
H,NCOC NCC— NH§
H,NCOC NC ?—NH
; OCH,
~ ' .
A

a-Chloroperbenzoic acid(MCPBA) converted the bisimine 5 into 4,5-dicyano-
1,8-dimethyl-2,7-diaza-3,6,9,10-tetraoxatetracyclo[6.2.1.0?,*0%’) undecane 9. in
moderate yield. The assigned structure was supported by spectroscopic and other
analytical data (ses Exparimental Section). Thermolysis gave 2,4-pentanedione

and intractable material. Neither an epoxide of the oleﬂ.n__s__” nor dicyanofuroxan

11, an axp d frag tion product, was detected.

?\N—/CEH,

ncc” 9
I CH: | —» (CH,CO),CH,
5 _MCPBA ) +€0),
~ [N 7
O/N—CCH:
9
- ~
. 0
'li.
Nc<|:4 \ NCCNO NC G NO,
o it
NeCy, S NCCNO, NC C NO,
12
10 n -
n

Intractable mixtures were obtained from the bisoxaziridine 3 by tausmolysis
and by further treatment with peroxides. The formation of either a nitrosonitro-

_H.' or & dinitreaslaonitrile 12 was not established. Triphenylphosphine deoxy-




11

genated the cyclic peraxide 9 into the diazepine 1 _in small amounts.

Acknowledgements: Financial support from O.N.R. FD mass spectra from the School
of Chemical Sciences, University of Illinois, Urbana, Illinois.

Experimental
Instruments included Psrkin Elmer 237B and 521 grating i.r.; Varian A-60

n.m.r.; and Varian MAT 731 FD mass spectrometer. Selected m/e¢(70 eV) values and
all PD values are rsported. Each yield was based on starting material consumed.
Elemental analysss were provided by Micro~-Tech Laboratories, Skokie, Illinois.

Preparation of the diazepine la: A condensation between diamiromaleonitrile
and 2,4-pentanedione gave the diazepine, mp 202-204°C (dec);’® ®Y¥nmr ({cp,) ;50):
8§ 26.2 (Cﬂ'), 49.4(@3). 115.3(CEN), 122.9(C=C) and 158.3(CsN).

Teparation of the cyclic peroxide 2a: To an ice led stirred pension
of the diazepine la (8.0g,46.5 mmoles) in methanol (100 ml) was added a few drops
of 1 N sodius hydroxice solution followed by dropwise sddition of 90 percent hy-
drogen peroxide (2.8 m=1,100 mmoles). The mixture was stirred until the diszppear~
ance (about 3 h) of the diazapine Aa (tle) left z clear yallow solution. The re-
action mixture was concentrated at a temperature below 45°C until a crystalline
801id 23 appeared. Dilution with ice-water brought further separation of the per-
oxide 22 as a light yellow solid which was filtered and dried at room temparature,
7.2g(75%), mp 125-6°C(dec) (athyl zcetate and hexane); ir(KBr):3333(NH), 2222(CN),
1634(C=C) ea”!; ‘B-nar (acetone-d }: & 1.68 (s), 2.5-3.2 (m) and 6.57 (br),

(D:O)x & 1.68 (s,6H), and 2.53~3.05 (2H, AB quartet, J = 12 Hz); !3%-nmr (acetone-
a): 6 23.90 (cH,), 57.57 (CB‘), 94.40 (C~O). 105.49 (C=C) and 116.35 (CN): m/e
(70 av) (9):206(6) (), 100(100), G5(100); m/e(FD}: zosuoom‘; found: ¢, S$2.08;
H, 4.85; N, 27.03 %; cH . 80, requires C, 52.42; H, ¢.85; N, 27.18 &,

Efficient cooling during slow addition of the hydrogen peroxide to the dia-
zepine la controlled an otherwiss violent reaction and prevented the forsation of
oxamide. Both higher temperaturés and complete evaporation of the sclvent in the
rotary evaporator led to product decompcsition. The peroxide 2a was stable on

refrigeration but exposure tc the hese or s ge at room perature

brought about blackening and apparent polymerization. The peroxide was also pro-
duced (80%) in acetonitrile at rocm tamperature for 17 hours. In nethanrol the
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formation of oxamide predominated on prolonged reaction time, with or without add-
ed pyridine. After the peroxide 2a in methanol was stirred at room temperature
for 90 hours, 2,4-pentanedione but not the percxide 2a was detected (tlc).

Treatment of the peroxida 2a (100 mg, 0.5 mmol) with hydrogen peroxide
(50%,0.8 ml) in methanol at room temperature for 20 hours gave oxamide (47%),
2,4-pentanedione (tlc) and the odor of an isocyanide.

To a solution of triphenylphosphine (760 mg, 2.7 mmoles) in benzene (25 ml)
the peroxide 2a (500 mg, 2.Smmoles) was added and the mixture stirred for 17 hours.
The separated colorless solid was filtered and washed with benzene and was identi-
fied (tlc) as the diazopine la (300 mg, 72 %), mp and mixture mp 201-3°C.

Preparation of the bisinine’i: To a stirred ion of iod diac-

etate (4.0 g, 12 mmoles) in benzene (160 ml) the cyclic peroxide 22 (2.2 g, 20
omoles) was added in portions. The reaction mixt.ute was stirred for 64 hours at
room temperature and filtsred to rerove unidentified solid material (90 mg). fThe
filtrate on concentration and addition of hexane gave the bisimine _S5_as a light
yellow solid, 1.7 g(85 t), mp 161-3°C (ethyl acetate and hexane}, dec around
170°C; ir (Cnclxh 2230 (CNW), 1628, 1588 cm™!; !H-nmr (CDC1 y-2cetone=d ) : § 1.86(s,
§H, 2ca‘) and 3.20(s, 2H, csz” “c-nm(cnc!.,-buso-d.): 23.24 (Cﬂ’), 50.93 (CH’),
96.58 (C-0), 114.75 (CN), and 136.62 ppm {C=N); m/e (70 eV) (V); 172(52), 163(7),
131(100), 100(15), 91(85); n/e {FD): 204 (100)M", 172(90) , 163{10) and 100(10);
found: C, 52.€7; H, 4.05; N, 26.86; O, 16.69; C’E'N.o: requires: C, 52.94;

H, 3.95: ¥, 27.44; O, 15.67 .

Prsparation of the Msepoxi:lo‘?‘; To a stirred P ion of m~chl P
benzoic acid (2.2 g, 12.8 zmoles) in acetone (100 mi) the bisiﬂnei(sac ng, 4.8
moles) was added in portions at room temperature. The reaction mixturs was
stirred for 3 hours and concentrated. Tha residue was dissolved in ethyl acetate,
washed with aqueous sodium bicarbonate solution and dried (HgSO.). Removal of
solvent furnished a 30lid (1.0 g) which showed three %lc apots. Chrosatograghy
cver a silica gel column (25 x 2 cm) gave di-~ (m-chlorcbenzoyl) veroxide, mp 118-
120°C(dec) (11:.“ mp 122-3°C), 80 mg, also obtained from a sample of MCPBA on elu~-
ticn with a mixture of chloroform and hexare (1:9), Elution with a 3:7 mixture

of chlorofomm and hexane gave the bisoxaziridine 3 (200 =g, 17.7 %) as a color-

less 30118, =p 117-8°C{chloroform-hexane}; 140 14S°C (dec); ir (CH Cl ): 2245 ca =
1 2
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(e0); ‘H-mar (cocl,}; 61,72 (s,3@), 1.83 (s,3H) and 2.50-3.15 (AB quartet, 2H,
3 =15 uz)y 'commr (CDCL}: 6 20.11 (CH ), 25.07 (CH ), 49.31 (CH ); 74.97 (c-CN)
2

97.17 (CB,EO) and 103.88 (CN); m/e (70 eV} (%): 204(1), 100(100); m/e (PD): 237
(200) (Mm"), 186(23), 100(85); found: C, 45.79: H, 3.40; N, 23.85; C,H,N,0, re-
quires C, 45.77; H, 3.41; N, 23.72%,

Blution with chloroform gave a semisolid (360 mg) which on trituration with
a mixture of ethyl acetats and hexane gave a colorless solid, mp 147-9°C (dec)
(chloroforu-hexane); found: C, 45.17 and 45.22; H, 4.23 and 4.26; N, 19.88 and
19.65; C,H,N,0, requires: C, 45.50; H, 4.30; N, 19.90 8. It has tentatively besn
identified as 4-cyano-1,8-dimathyl-2,7-diasza-3,6,9,10-tetraoxatetracyclo{6.2.1.
0'’* 0''”)undecane, cf. g with one cyano group replaced by hydrogen, and will be
furthar investigated.

Preparation of the msthanol adduct 8: The bisimine peroxide S_(100 ng) was
dissolved in methanol (S ml) and a drop of dilute sulfuric acid added. A color~
less s0lid started to separate gradually. After stirring for 17 hours, the reac-
tion mixture was concentrated, diluted with water and filtered to isolate the bis
mathanol adduct B as a colorless solid; 70 mg (52 8); mp 188-190°C (dec) (math-
anol); ir (X8r): 3330, 2230, 1520, 1495 ca™'; 'H-nmr{DMSO-d ); & 3.36 and 3.41
(2 ,68), 5.6 and 5.7 (2 broad s, 2E, exchanged with D,O), 2.2-3.0 (A3 quartst
partly hidden in DMSO peaks, J = 12.5 Hz) and 1.4 (a,6H); m/e (70 aV) (%): 236(18),
235(100), 200(80), 85(1C0)) m/e(¥D}: 268(100)1?, 236(10}, 235(34) and 98(12),
found: C, 49.06; H, 5.95; N, 20.77; CHBHN.O~ requires C, 49.25; H, 6.01; N,
20.28 8.

A solution of the bisimine 5 (400 mg, 2 mmoles) in benzens (50 ®l) was
treated with triphenylphosphine (1.05 g, 4 mmoles) added in portions. The reac-
tion mixture turned red-brown. A solid which separated over several hours with
stirring was trituratad with benzene and ethanol to give the diazepine (tic) da,
op and mixture mp 200-202°C.

+
On leave from University of Madras, P.G. Contre, Coimbatore, 641041, India.




RN

Raferences and footnotes.

1.

w

9.
10.

14
HETEROCYCLES, Vol 16, No 8, 1981
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tion of an amide to the intermediacy of an unisolated 2:1 adduct froom an
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N. Murugesan and M. Shamma, [Tetrahedron Lett,., 197%, 4511)reported an open-

ing of a pyridinium ring initiated by an attack by a-chloroperbenzoic acid
st an azomethine cardbon xtom.
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reported a peroxidative ring contraction of a diazepine.
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OXIDATION AT NITROGECN IN BENZO- BENZODI- AND BENZOTRIPUROXANS

Joseph H. Boyer® and Chorngbad Huang
Department of Chemistry, University of Illinois
Chicago Circle Campus, Chicago, Illinois 60680 U.S.A.

Abstract -~ Hydrogen peroxide in sulfuric acid oxidized

S-nitrobenzofuroxan into 1,2,4-trinitrobenzene and completed

the oxidatior of a mixture from b difuroxan and hydrog:
peroxide in polyphosphoric acid into 1,2,3,4-tetranitrobenzens.
The incompletely oxidized mixture also contained 4,7-dinitroben-

[] zofurazan, a terminal oxidation product. Benzotrif wvas

unreactive toward peroxidation.
In either sulfuric or trifluoroacetic acid hydrogen peroxide rapidly degraded
benzodifuroxan 1 but in polyphosphoric acid it smoothly converted the di-

' t furoxan 1 into a mixture. Recrystallization brought about partial isolatiocn of
4,7-cinitrobenzofurazan 2. Further treatment of the mixture by oxidation with
hydrogen peroxide in sulfuric acid gave 1,2,3,4-totranitrobsnzens 3 and the
furazan 2; however the latter was not a precursor to the tetranitrobensene since

it resisted all attempts to pring about oxidation at a furazan nitrogen atom.!

Similar peroxidation of benzofuroxan into 1,2~dinitrob » 4=nitrob 4
into 1,2,3-trinitrobenzene and 4,6-dinitrobenzofuroxan into 1,2,3,5-tetranitro-

benzens was praviously reported.? Benzotrifuroxan® was quantitatively recovered

i from attempts at peroxidation into hexanitrobenzens, a recently reported compound.*
- +
Oa
Nl"'o\ NO?
. N
. N Poa ~ \
. :
-—-—-—9" 5 \N/n + CgHoN,0, g (unresolved mixture)
N ¢ X 272
| / ¥o,
M =0
'C/‘
i 2




CeH,%,0 e —
61208 H

3

A neighboring group participation 1 « 4 between furoxan moieties and
cleavage of two oxygen bridges in the intermediate 5 can account for a terminal
monoxidation 1 - 2. On the other hand differentiation between intermediate S
and an isomeric nitronitroscbenzofuroxan § for the oxidation 1 - 2 cannot be
made at this time,

\n—O §H"‘(\

o = 6 -

An intermediate neighboring group participation between a furoxan mofety
and a 4-nitro substituent with or without the intermediacy of nitronitrosoben~
Zenes 8, may have occurred in the oxidations of 4-nitro- and 4,6-dinjtrobenzo~
furoxans 7 into the corresponding polynitroberizenes 2"’ We now report an
efficient oxidation of S-pitrobenzofuroxan 10 by hydrogen peroxide in sulfuric
acid into 1,2,4-trinitrobenzene 12. This example prasumably proceeds via a

dinitronitrosobenzene il intermediate.
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The identification of 4,7-dinitrobenzofurazan 2 was consistent with a
single amr 'H signal for two equivalent hydrogen atoms, ir absorption for the
nitro groups, molecular weight (ms), elemental analyszes and resistance to
oxidation by Caro's acid. The structure of 1,2,3,4-tetranitrobenzene 3 vas
supported by a single nar 'H signal, ir absorption for the nitro groups,

molecular weight (ms), elemental analyses, a mixture melting point and the

same Ry value obtained from & known sample.®

Acknowledgment: Financial support was received fron 0. N. R. Certain n.m.r.
spectra were obtained from a Bruker 270MH instrument at the University of

Chicago, Chicago, Illincis.

Experimental
Instruments includnd Perkin Elmer 2378, 283 and 521 grating i.r.; Varian

A-60 and Bruker 270 n ™.7.; and an AEC Scientific limited MS 30 (70 ev, source
tespsrature 120-150°C).

flydrogen percxide (90%, 4ml)* was added over a period of four hours to a
solution of benzodifuroxan (0.22 g, 1.13 amol} in polyphcsphoric acid (10 ml).?
After stirring at rooa temperaturs for two days,' ice wvater was sdded, and the
products extracted into methylene chloride which was dried (magnesium sulfate),
filtered and evaporated to dryness to give a mixture of yellow scilds, 0.99 g.

Recrystallizaticn from ethyl acetate gave 4,7-dinitrobenzefurazan 2, 0.03 g,
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mp 187-189°C; nmr(ethyl acetate): 5 8.6(s); ir(Xer); 3045,1550,1530 (NO,),1480,
1380 and 1340 cm™! (NO ); m/e(70eV) (%); 210(100) M*; calcd for CeHaNO5:
C, 34.28;H, 0.95; N, 26.67%; mw 210;, found: C, 34.16: H, 0.93; N, 26.42%.

The mixture of yellow solids, 0.09 g, in sulfuric acid (98t, 20 =ml) was
reated with hydrogen peroxide (90%, 2 ml) added slowly over a period of two
hours. The reaction mixture was stirred at room temparature for threa days and
worked up in the manner described above. Removal of methylene chloride left

a yellow solid. 1,2,3,4~Tetranitrobenzens 3 was extracted by, and then re-

crystallized from, carbon tetrachloride as a yellow solid, 0.03 g (12%), mp 108-109°C

Elution from silica gel by a mixture of methylene chloride and carbon tetra-
chloride (2:2) gave a pure sample, mp 115~116°C, mixture mp 114-116*C with an
authentic sample;* nmr (CDCl,): & 8,50; ir (KBr): 1550 and 1350 cm™! (NO,):

caled for CeHiN,Og: C, 27.92; H, 0.78: N, 21.71; found: C, 28.79; O, 0.53; N, 21.50;
Rg 0.3 from a tlc silica gel plate by a mixture (3:2) of methylene chloride and
carbon tetrachloride.

The portion insoluble in carbon tetrachloride gave the furazan 2 0.05 g, mp
187-189°C after recrystallization from ethyl acetate [combined yieid 21 %).

To a solution of S-nitrobenzcfuroxan g“ (0.40g, 2.2 mmol) in sulfuric acid
(98¢, 30ml), hydrogen peroxide (90%, 2.0 ml, 82 mmcl) was added dropwise at 0°C
over a period of 4 hours, stirred at 25°C for 2 days, diluted with ice-water and
extracted with metheylene chloride. The extract was dried over magnesium sulfate,
filtered and concentrated to give 1,2,4-trinitrobenzene 11 (0.32g, 1.8 mmol, 80%
yield), m.p. 58-60°C'' after recrystallization from chloroform: nmr {CDCl,): & 8.86
(s, 14}, 8.69-6.68(a,1H), 8.15-8.12(d,1H); ir(KBr): 1540 and 1350 c=™' (NO;).

References and footnotes.
1., Oxidation at a furazan nitrogen atom in unknown.
2. J. H. Boyer and S. E. Ellzey, J. Org. Chem., 1959, }_6_, 2038. Joseph H. Boyer
and Chomgbao Huang, J. Chem. Soc. Chem. Comm,, 1981, 365.
A. S. Balley, J. Chem. Soc., 1960, 4710.
A. T. Nielsen, R. L. Atkins, W, P. Norris, C. L. Coon and M. E. Sitzmann,
J. Org. Chem,, 1980, 45, 2341. 2. A. Akopyan, ¥Yu. T. Struchkov and
V. G. Dashevskie, 2zh. Strukt. Khim., 1966, ), 408; Chem Abstr., 1966, 63,

14551e, We thank Dr. Nielsen for a sample of 1,2,3,4-tetranitrobenzena.
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A. J. Boulton and A, X. Katritzky, Proc. Chem. Soc., 1964, 299 assumed a
similar neighboring group participation to account for the degenerate
isomerization of 4-nitrobenzofuroxan.

Hydrogen peroxide(S0 %) must be handled as a dangerous reagent. The
compounds 1 - 6 are potentially explosive.

A. J. Boulton, A. C. Gripper Grzy and A. R. Katritzky, J. Chem. Soc.,
1965, 5958.

When polyphosphoric acid was replaced by either sulfuric or trifluoro-
acetic acid extensive degradation occurred with the evolution of brown
fumes of nitrogen oxides.

The disappearance of starting material was monitored by ir.

R. J. Gaughran, J. P. Picard and J. V. R. Kaufman, J. Amer. Chem. Soc.,
1954, 1§, 2233.

P, Pietra and D. Vitali, J. Chem. Soc. Perkin Trans 2, 1972, 38S5.
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Oxidation of Nitrobenzofuroxans

By josern H Bover and CHorncBao Huane
{Departmens of “hemstry, Umversity of Ilinons, Chicago Circle Campus, Chicago, Illinoss 60680)

S v Mooop lphune aad dized 4-mitro-
benzofuroxan 1ato 1,2.3-tnmtrobenzene (80%) and
4,6-dinitrobenzofuroxan mto  1,2,3,5-tetramtrobenzen:

{100%)

OXIDATION of 4-uitro- ({I)* and 4,6-duutro-benzofuroxan
{3} 1nto 1,2,3-tnmitrobenzene (2), mp 120—122°C*
(80%) and 1,2.3 5-tetranutrobenzene (4). mp 129~130°C*

(99%) ds the only p: d ofaf into
& diritro- pound, ¢ and in b with the
o~
NOz | NO,
*
=\ HyS0s NO,
° ——
SV Rl Uno,
(1) RsH {2) kel
(3) RaNO, (4) Rs NO;
O
SN0
1
.3 -——
R e
<Y
4]
o
. Ni—s
to) 2 o ol
D) == 0« %
o R N
1l
)
MRaH (S} Rad
(4) R =+ NO; (6) RaNO;
Scxzux

tCAUTION 9%, hyd: d

of benzofuroxan,! provides a preparative route to vicinal
tnsubstitution

The highly efficient oxidations,t (1) = (2); and (3) — (4)*
were brought about by a large excess (> 50 molar) of
hydrogen peroxide (90%! in sulphurnc acid (98%) at 25°C
for 2 days When polyphosphonc acid replaced sulphunc

acid the yield of the (4) was mod
{44%) but 1n mixtures of the two acids the yield increased
with increasiag sulph acid and was q ve

with 80%, sulphunc acid alone

Trifluoroperoxyacetic 2cid by itself or mixed with
m&dmwﬂhhdwmnnth 4,8-digitro-
bot a mi of trift ic and nitric

acids and bydrogen peroxide in pelyphosphonc acid trans-
formed thoe furoxan (3) into the tetranitrobentene (4) in
trace amountsy

£ was oxidized isto o-di b {20%)
by both tnfiuoroperoxy + and P Iphusd
acd (there was degradation); b , the
£ (1) and (3) d oxidati triflgorcperoxy
maududm d. Diminished

the fu nng and el huli ide is the

expectedmultofelactmnmthdn'almmthcnmo-
snbsﬁtmt(:) however, thucouldbopa.rhauybahr.cod by
g group participation by the 4-nit

(n;"‘ ). an effect p ly d o be op

in the deg g of d-itrob

n:ﬂu T's ¢ It was ’thatthenxypn
atoms were duced

dunngorafmtheﬁmm;eoltheon:!:gnohhe{nmxw
(l) or (3) mb the nitroso-compounds (7) or (8) was not
L we that a facile oxidation of 2

mnto a is one step 1n the reactions
Financial support was received from the Office of Naval

(Recerved, 3rd November 1980, Com 1178)

Each was
{or less than 3 ml (uo mmol) of 90'/. hydrom peroxide witkout mishap

dly camed out on a scale {I—2 mmol) which cilled

m‘ C""m“: MQ~ 3 (EtOAC) §-60—8-73 (d. 2H) and §-05—8 30 (t. 1H), m/e (T0ev} 213 (M*). compound (4) 3 (CDCly 93 (). m/s

2 A.G Greenand F)(RM{CMSOC 1913, 103,
11,1 Khmel'mitsku, T S Nowy
57 14970b) the oxad

mnto 1,2

2023
o and S § Nowikov, [se Aked Newk SSSR,Ctd Khum Newh, 1962 517 \cm Absw , 1962,
by by (962} aad

. mp. 122

A Nielsen, R L. Atkns and W P Norm, j Crg Chem 1979, 44, 118)
nto the tetramitrobenzene (4! 22 127—129 *C

2038 "‘herrponed work.

1901, 34, 85, W Will «dad, 1914, 47, 704, 963 The oxidation of (3) iato (4) by mtne aad

“"phu;?ﬂfd o S E Ellz Org Chem lO 9,
ey 5

s \hengxﬂwd Jn

ngotud 10 1901 was nlnted m 1914

¢en p

dized p de by hydrogen peroxide (987) in

ures were adapted to the present wor!

Boulton and A R, Katnizky, Proc Chem Soc, 1962, 257
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THE AMBIPHILIC FURQXAN RING.
BENZOFUROXAN OXIDATION BY PERACID
AND REDUCTION BY CGPPER.?

Joseph H. Boyer and Chrongbao Huang

Chemistry Department, University of Illinois
Chicago Circle Campus, Chicago, Illinois 60680

Abstract.

Monopersulfuric acid, trifluoroperacetic acid and
hydrogen peroxide in polyphosphoric acid, or with
selenium dicxide in t~butyl alcohol, or in tetramethyl-
ene sulfone have each oxidized benzofuroxan into o-di-~
nitrobenzene. Monopersulfuric acid oxidized 4-nitro-~
benzofuroxan into 1,2,3,5~tetranitrobenzene(99 %);
hydrogen peroxide in pelyphosphoric acid was moderately
efficient for the latter oxidation. Copper in acidi-
fied ethanol transformed 4,6-dinitrobenzofuroxan into

picramide quantitatively.

Introduction.

A. General. Although la ¥ 1lb abbreviated to

la or lb is the accepted symbol for benzofuroxan,?s?




it tends to disguise che disposition toward electro:
donation and acceptance shown by the hetexocyclic
ring.

Dinitrogen tetroxide, manganese dioxide in acetic
acid, and nitric acid have oxidized oximes into nitron-
ic acids 2 or the tautomeric nitro compounds,’® but
‘failed to oxidize the heterocyclic ring in the furoxia
1, an oxime~-nitronic acid anhydride. Peracetic and
perbenzoic acids have fragmented trialkylhydroxylamines,
presumably via initial oxidation into a hydroxylamine-
N-oxide 3,* but failed to oxidize the heterocyclic ring
in the furoxan 1, a latent hydroxylamine by virtue of
1c -+ 1d 12« 1b.

Resistance toward N-oxidation is also character-
istic of iscxazolez 4, isoxazolines 5, furazans 6, and

presumably other oxime esters, both cyclic and linear;’

however, the contraryfis implied by the extended é@n—

cipla of the g-effect.$

B. Elactron Donation. On the other hand, trifluoro-

peroxyacetic acid was successful, where performic and
peracetic acids were not,? in oxidizing benzefuroxan
into o-dinitrobenzene 7 and S-methylbenzofuroxan into
3,4,-dinitrotoluene; but the efficiencies (15-20 %) were

in marked contrast with the similar oxidation of p-di-




. c s - 3 v
nitrosobenzane into p~dinitrobenzene (92 8).! Exten~

sive degradation of naphtho~ and phenanthrofuroxan

and 5-chlotc~6-methoxybenzofuzoxan, attributable to
oxidation initiated at carben atoms, accurred without

affording detectable amounts of nitrc compounds.!?

An older,!! discredited,!? claim for oxidation of

oximes by monocpersulfuric acid (Caro's acid) has now

been indirectly Supported by an oxidation of benzofur-
oxan by hydrogen peroxide in sulfurjc acid.
Unsymmetrical diarylfuroxans 8 were fragmented 3?

and oxidized into aromatic acids when treated with

ozone. A preferential electrophilie attack by ozone on
the N-oxide side of the heterocyele was invoked,1d,!*
0' 0
) H+
4 N X
VR X+ AN
¥ NS 5/ \/\5-
|
0 R
la Id ic o
o~
l +
N - Ko
\\ No o
Q ~ >~
se + -
5 No RO
+
i )




: o l _
R,C=NOH _‘[_L R C=N"-0F ——3 R,CHNO,

2

(o ]
(RCH,, ) ,NOCH,R * -—3-9 (RCH, ) ,N*-0CH,2' ———> RCH,NHOH + RCHO

3 + R'CHO

RC—CR RC —

2 3
7\ 7N\
i N

R
CR, X
N7

HOH
- — ArCOZH + Ar'COZH

C. Electren Acceptance. An addition of water to

benzofuroxan {an anhydride) m<@mEiS: is unknown; how-
ever, the adduct 9 10 is related to a nitrosonium
hydroxide lila Z 1lb, recently reported.!® Elsctron ac-

ceptance at a furoxar nitrogen atom, related to the re~-




quirement for the formation of the adduct 9 has been
demonstrated in the transformation of a benzofuroxan
into an o-nitrophenylhydrazine by a secondary amine,'®
and in the reduction of a benzofuroxan into a dioxine

' by either hydroxylamine,'’ a hydrazine'® or copper.ab

=0,

\ OH

e
N

———
Y g
/

+ -
R,i=0 OH

113

w——

e H,NOH ov NOH

RNHNHR Q:NOH

Results and Discussion. o-binitrobenzene 7 was
obtained from benzofuroxan 1 and hydrogen peroxade
{90 ) in polyphosphoric cr sulfuric(80 %) acids or
in tetramethylene sulfone, and with hydrogen peroxide
(S0 3) and selenium dioxide in t-butyl alcohol. Al-
though protonaticn of benzofurcoxan, pKa ~8.3,19 in

sulfuric acid (98 %, pKa ~10.3; 80 %, pKa-7.5)29 cap




be assumed, its assistance, if any, to the oxidation
was not determined. Just as the location of protona-
tion has not been established, 2! it is not possible to
differentiate between peroxide attack at a nitrogen or
an oxygen atom in the oxidation of a benzofuroxan into
an o-dinitrobenzene. It was assumed that the forma-
tion of new carbon-oxygen bonds by either electro-
philic or nucleophilic attack initiated extensive
degradation.

In a mixture of nitric acid and hydrogen peroxide
benzofuroxan afforded 4-nitro~- 12 and 4,6-dinitrobenzo-
furoxan 14 but neither o-dinitrobenzene 7 nor nitrated
derivatives, e.g., 13 and 15, were detected. Apparently
an electrophilic attack on the heterocyclic portion of
the molecule by a peroxide or other oxidant was not
competitive with nitration and the peroxides present

did not attack the furoxan ring in the nitroc compounds
12 and 14. Degradation was attributed to oxidation at

carbon atoms in compounds 1, 12 and/or 14.

Benzofurazan 16 and diphenylfuroxan 8 (Aar = Ax' =
CGHS) were each unreactive toward monopersulfuric acid
(the most effective peroxide reagent) and other per-
oxides.

With an absence of extensive peroxidative degra-

dation, 4-nitrc- 12 and 4,6~dinitrobenzofuroxan 14
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gave 1,2,3-trinitro- 13 and 1,2,3,5~tetranitrobenzene
15 in excellent to quantitative yields when treated
with hydrogen peroxide(90 %)} in concentrated sulfuric
acid{98 %). These are attractive preparative procedures
however the danger associated with hydrogen peroxide
{90 %) must be recognized. An inability of trifluoro-
peroxyacetic acid to oxidize either furoxan, 12 or 14,
is partially attributable to a deactivation of the
furoxan ring nitrogen and oxygjen atoms by the nitro
substituent(s). The superior performance of moro-
persulfuric acid was revealed by the investigations
on 4,6-dinitrobenzofuroxan in mixtures of sulfuric
acid and polyphosphoric _ ‘racidz. When only poly-
phosphoric acid was present the yield of the tetra-
nitrobenzene 15 was 44 %; vhen only sulfuric acid was
present the yield was 100 %3 (Table I). Oxidative
degradation may partially account for the deficiency
in mass balance for reactions in polyphosphoric acid.
The greater reactivity of the mononitrofuroxan 12 was
shown in a series of experiments in which mixtures of
12 and the dinitrofuroxan 14 competed for oxidation.
A large molar excess (40 to 80) of peroxide was re-

quired for satisfactory efficiency. (Table I1I).

TABLE I.

TABLE II.
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Two stages in the oxidation of benzofuroxan into
a polynitro compcurd via a nitrosonitro intermediate,
8. . e.g., 17, were probably involved. A retardation at
‘ either stage may reflect deactivation by electron with-
drawal into (the) nitro substituent(s) in compounds 12
and 14.2? On the other hand there may be a balancing
ractivation by a neighboring group participation of the
4-nitro substitutent, cf. 18 and lg.“ Further insight
will be sought by investigating the oxidation of 5-nitro-

benzofuroxan into 1,2,4-trinitrobenzene.

5, ¥o,
N H.S0 H,30 NO
| ~ \o z 2 HoN,0 275 2
LY X/ 673" 35 No,
N
I
: 0
12 13
. o 9
2 ! NG
LN H,50 H.SO, 2
AN 2% 2”5 R0s)
0 ———> CGH N0, ————> 2
0,8 \.{ / : 0N No,

14 A3




A highly specific quantitative réduction of 4,6~
dinitrobenzofuroxan 14 into picramide 20 without the
formation of a detectable amount of an isomerxic amine
by treatment with copper bronze in ethanol is now re-
ported.2b In a transfer of an electron from copper to
the heterocyclic ring, a control in the selection of
the nitrogen atom to be bound to coppar is provided by
electronic and steric factors associated with the 4-

nitro substituent as shown in the scheme.

0\\;,0
»
b ]
RAN Cu
Q —>

02N

9"
\N/

f




Experimental Section. The infrared spectra were

recorded on a Perkin Elmer grating infrared spectropho-

tometer model 237B or 521. NMR spectra were obtained

on a Varian A-60 or T-6b spectrometer with TMS as an
internal standard. Mass spectra were recorded on AEI
Scientific Apparatus Limited MS 30 double beam mass
spectrometer at 70 ev with source temperature 120-~150°C.
Elemental znalyses were carried out by Micro Tech Labor-
atories, Inc., Skokie, Illinois.

The following compounds are commercially avail-
able: benzcfuroxan, mp 69-71°C, hydrogen peroxide, 90 %,
d = 1.54; o-dinitrobenzene, mp 117-118°C; selenium di-
oxide, mp 315°C; tetramethyler.. sulfone, mp 27°C; 4-chlorn-
2-nitrcaniline, mp 115-116°C; m-dichlorobenzene, bp 172~
173°C; benzil, mp 94-95°C.

The following ccmpounds were prepared according
to the literature: 4,6-dinitrobenzofuroxan, mp 171-
172°C;** 4-nitrobenzofuroxan, mp 142-143°c;*" polyphos-
phoric acid;zs benzofurazan, mp 55-56°C; 2" diphenyl-
furoxan, mp 117-118°c.??

Except where otherwise specified a product yield
was based on recovered starting material.

Oxidacion of benzofuroxan in polyphosphoric acid.

To a solution of benzofuroxan (1.36 g, 10 mmol) in




polyphosphoric acid (30 ml), hydrogen peroxide(90 %,

3 ml, 123 mmol) was added dropwise at 0°C over a period
of 4 h, and stirred for 18 h at room temperature, and
24 h at 60-65°C. The reaction mixture was diluted with
ice water and extracted with methylene chloride. The
extracts were dried with magnesium sulfate, filtered,

and concentrated to dryness to give o-dinitrobenzene,

mp 115-117°C®° (0.41 g, Z.5 mmol, 25 %).

A similar treatment in sulfuric acid(80 %, 20 ml)
and hydrogen peroxide(90 %, 1 ml, 41 mmol) afforded
0.22 g(13 %) of o-dinitrobenzene, mp 117-118°, from
benzofurcxan (1.36 g, 10 mmol). )

Nitration of benzofuroxar in nitric acid(70 %),
free of nitrous acid, and hydrocgen peroxide(90 %) at
0°C for 6 h and stirring for 3 days at 25°C afforded
4-nitrobenzofuroxan, mp 142-143°C (40 %) and 4,6~dinitro-
benzofuroxan, mp 171-172°C (21 %). An unidentified pale
yellow solid, mp 126~130°C, s30luble in water and in
methanol (60 %) was also obtained.

Benzofuroxan gave o-dinitrobenzene(l7 %) when
oxidized by hydrogen peroxide(90 %) in tetramethylene
sulfone or by hydrogen peroxide(90 %) and selenium di-

oxide in t~butyl alcohol. In 16 and 56 % amounts, benzo-




R RN

33

furoxan was respectively recovered.

Oxidation of 4,6~dinitrobenzofuroxan in sulfuric

acid, To a soluticn of 4,6~dinitrobenzofuroxan (0.50 g,
2,2 mmol) in sulfuric acid(98 %, 30 ml), hydrogen per~
oxide (90 %, 4 ml, 164 mmol) was added dropwise at 0°C

over a pericd of 4 h and stirred for 3 days at room

‘temperature. Methylene chloride extractions from the

reaction mixture diluted with ice water were dried
(Hg504), filtered and concentrated to dryness to give

a yellow solid mixture, 0.56 g. Nmr analysis showed

the presence cf 1,2,3,5-tetranitrobenzene, 0.51 g

(99 %) and 0.05 g (10%) of 4,5-dinitrobenzofuroxan. Re~
erystallization from chlorofo gave 1,2,3,5-tetranitro~
benzofuroxan, mp 126-127°C,?? nmr(CDCl3): § 9.3(s),

m/e 70evs 258 (M%),

A similar treatment transformed 4-nitrobenzofur-
oxan into 1,2,3-trinitrobenzene, mp 120-~122°C2? (80 %)
after recrystallization of the residue cbtained by
evaporating to dryness a methylene chloride solution;
nmr{ethyl acetate): § 8.50-8.75(d,2 H) and 8.05-8.30
(t,1 H); m/e (70 ev): 213(M%).

Oxidation of 4,6-dinitrobenzofuroxan in mixtures of

sulfuric and polyphosphoric acids. To a solution of

4,6~dinitrobenzofuroxan (0.50 g. 2.2 mmol) in a mixture




RN

34

of sulfuric(98 %) and polyphosphoric acids (30 mlj, hydro-
gen peroxide (90 %, 3 ml, 123 mmol) was added dropwise

at 0°C oyer a period of 4 h, and stirred for 3 days at
room temperature. Methylene chloride extractions, ob~
tained from the reaction mixture diluted with ice water,

were dried with magnesium sulfate, filtered, and con-

‘centrated to dryness to give a yellow solid mixture.

Analysis by nmr quantitatively established the presence
of 1,2,3,5-tetranitrobenzene and starting material. The
results are presented in Table I.

Reduction of 4,6-dinitrobenzofuroxan 14 by copper. *?

To the furoxan (1.0 g, 4.4. mmol) in methanol (100 ml)
copper (0.422 g, 67 mmol), or copper bronze powder, and
hydrochloric acid(37 %, 1 ml) were added. The mixture
was heated to reflux for 22 h and filtered. The £filt-
rate was combined with an acetone wash of the precipi-
tate and concentrated by evaporation and the residue
isolated by chromatography from an alumina column or
by recrystallization to give picramide, mp 188-190°C,3’
0.88 g(87 %). When the reaction was run in ethanol the

yield was 80 3%.
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TABLE I

Oxidation of 4,6—Dinitrobenzo!uroxan 14 in mixtyres of

sulfuric and polyphosphoric acids (PPA) and hydrogen

. peroxide.2
Rua Volume, % Product Recovered Product 17
nunber x2so4b PPAC |mixture, g 13, 3d yieigd, 34

1 s 100 0.45 83 44

2 10 SC 0.48 90 50

3 30 70 0.47 90 55

4 59 50 0.47 87 50

5 80 20 0.47 52 78

6 90 10 .53 40 97

7 ; 100 | 0 0.54 33 100

21n each rua there was 0.5 g (2.8 mmol) of the fur-
okan 14 and 3.0 nmi (123 mmol) of H202(90 3) in 30 ml of
acid or acid nixture. °98 $. Cref. 25. OUThe composi-
ticn of each product mixture in ethyl acetate was de-
ternmanod by an nur analysis with authentic samples as
standards. The yield ot nitzo compound 15 was based

on convarted starting material.
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TABLE II

Oxidation of Equimolar® Mixtures of 4~Nitrobenzo~
furoxan 12 and 4,6-Dinitrobenzofuroxan 14 in Mono-

persulfuric Acid?

Run Hydrogen Time, |{Recovered Nitro
number |Peroxide,ml days furoxans (3)° | compounds(s)”

1 24 1 12(0 13(80)°
14(73) 1520

2 24 2 12¢0) 13(78)¢
14(70) 15030 f

3 19 1 12(trace) 13(75)¢
14(80) 15(20)f

4 18 2 12(trace) 13(78)®
14(72) 15(28) %

2 2.2 mmol of 12 and of 14. P30 ml H,50,(98 ). € Each
mixture of furoxans and nitro compounds was quantita-
tively analyzed by nmr (ethyl acetate) with authentic
compounds as standards. Yields are based on 2.2 mmol
of starting material. 982 mmol. © Degradation of 12
assumed. T Quantitative yield based on recovered start-

ing material. 9 41 mmol.




DICYANOFUROXAN AND HYDRAZINE OR HYCOROXYLAMINE

8y Soserh H. 3oyer* and 7. Perimal ?illa:
Departaent 0f Chemistry, Universsity of Illinois

Chicago Circle Campus, Chicago, Illinoxs 66630 C.S.A.

Abstract - Dicyanofuroxan combined with hydrazine %o produce
1,4-diamino(4,S-c)pyridazinofuroxan (or zn :3ane tautcmer Zad and with
hydroxylamine $£o produce the :nine b of l-oxo-d-amino [4,5-c]oxazino-
furoxan; mald thermelysis of the latier adduct jave 3(4)-cyano-4(3)-caz-
bamoyl furoxan 8.
The explosive nature of a mixture' of dicyanofuroxan (DCF) L1 and hydrazine zay have
precluded further :nvestigations on the chemical properties of the systex. A re-
] acszion, not necessarily ilmportant in the expldsion process, has been found o Jcsurs
near J3°C and o provide an efficient preparaczion of 1,i-diaminel4,3-¢!pyridazino-
furoxan 2a.%+' A similar reaction wish hydroxylamine gave tie imine 25 of l-oxo-4-

amino (4, 5-cloxazinofuroxan, also in good yieid.'s*

A o NH,

|, |
N 2O 2N
H,NZH 77N -
Ne—¢ & \ o= | ¢ c:, o a,Z=NH
NC—C\N/ LN b2=0
ff
- ! NH
L 2

An amidrazone 22 and an amidoxize 21D were assumed byt undetected :initial ia-

{ ter=ediates capable of cyclizing directly intd tne appropriate producs 2a.z. There
4 was no evidence for an slter-ative cyclizasion into 2 pyrrolincfuroxan ‘-l_,’ a =ole~

cule sublect o the characTaristic strail of a S-3-bicycl.c system fised shrough

plarar (sp’) atoms.ts’ This facior presumably accounted for tne failure o ootain

¢ a Sicyclic ‘.:xdt‘s_ cn nesting the d;an.de‘s_ of furoxandicarboxylic ac:d.
" NH
7 I ’f 2a
1 HZNHC ~ C o -;T
! - -C '_l 2%
1 33,Z=NH
38,220




2

A preference shown Dy e&ch reagent to react at cysno substituents ratier than
at dipole centers in the Iuroxan rings in compounds 1, 2, and ] is consistentc with
the inability cf other monecyclic furoxans to be reactive toward hydraziaes and
hydroxylamines. In conirast benzofuroxans have bsen raduced to dioxizes of o-ben-
zoquinores by substituted hydrazines® and by hydroxylanine,! and 20 5ive o-aitro-
aryl hyd-azines on treatzent with certain am:ses.'?

Moderate heaz transformad the oxazinofurexan 2b into 4(3)-cysac-3{4)-carsaco-
yliuroxan 3. 7This resrrangezant and eiimnation can dbe attrisuted o an initial
tautomerization of b iato an O-Lazdoyl.‘:d:':rlluiael 4 rarely excountarad type
of nolecula. Its abilizy to undergo thermal elinination of imidogan parallels the

loss of benzevl aitrene from O,N-dibenzoyl hydroxylazine.!!

(B
CiHsCON,  CC,H, -~ CiH;COOH - C4H,CON{—~C,H,NCO)
o
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Experizental Section

To dxcyano!uzoxan”,l.i (1.0 g, 8.0 =mole] in dimethylformamide (IZMF) (3¢ =2l)
at 0°C hydrazine Hydrate'(SS\ 0.8 g, 15 mmole) in OMF (5 al) was added Zdropwise
over 0.3 hour with stirring which was then continued ‘:ot 2 hours. Crushed :Ce ~as
added, the agueous solution was extracted witn ether (200 ml) and the organis lay-
er was washed wizh cold wazer (3 x 10C ml). The residue after removal of the
ether recrystallized from a mixture of ethyl acetate and hexane as the furcxan }:\,
a yailow solid, 67% 3p 118-119°C (Cec); satisfactory analysis for C, 2 and X;
(XBr): 3460 (m), 3370 (m) and 1600 c=™i(s); nmr(ilT,),C0): 356.4 (broad singlez, ex-
changed with (D,0);: 2/e (70 ev) (%): 163(100) *, 152(5), 151(S}, 139(70), 138(1%)
and 108(90); '’C nmr (DMSO-d): 96.64, 107.33, 132.35 and 151.42 ppm.!?

The substitution of a molax equivalent of hydroxylazine for hydrazize, ard
aethylene chloride for ether in extzaction afforded the furoxan ;3 as a cclorless
sol:d, 78%, mp 143-144°C (dec); satisfactory snalys:s for €, ¥ and M; 1r(XBr): 34790
(m), 3360 (m) and 1510 <=~'(s); nmr ((CD,).CO):45.9 (exchangeable with D O}; =a/e
(70 eV} (¥): 163(5) 8%, 168(100), (153(S5), 138(10), 199{90): '’C nmr (DMSO=d,):
96.60, 107.00, 142.22 and 150.53 ppm.'?

Heating 1n a mixture of ¢thyl acetats and hexane brought atout the change
25 ~ 8, The anide 3 was obtained as a colorless solid, ap 173-173°C (dec) ;¢
ir(xBr). 3390 (=) 3300 (w), 3220 (a), 2250 (s), 1700 (s), 156257 (=), 1560 (s},
24835 (m), 1375 (=), 1065 (m), 1030 (=) and 240 c=™! (ml; amr (1C3,),00): 37.35
{broad, exchangeable with 0,0; a/e {70 eV){V): 154(130) u*, 129(5), 124(50),,

112(50), 11:(%0), 109(30), 95(5) and 32(S): satisfactcry anralysis for ¢, I and 4.

Acknowiedgmens. Financial suppors was recaived fzcm the Office of Naval

Reseazch.
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A comparable preparation of a 3,6-dioxcperhydro-l,2-oxazine frzom cyclonexen-
4,S-dicarboxylic acid annydride and N-cyclohexylhydroxylamine was reporsed by
?. Gygax and A. Eschenmoser, Helv. Ch:m. Acta 1977, ‘s_g, 507.

J. A. Elvidge and A. ?P. Reéam, J. Chem. Soc., erk:n I 1972, 2320 reported

the isolated intermed:iacy of l-pydrazono-l-iminoisoindeline in the produszicn

of 1,4-diaminophthalazine from phtnalonitrile and hydrazine:

NNH, N,
N NH, c\un con__ A
e/ NzHA N ~

0 lOC
NH NH,

J. 7. Barnes, M. J. Barrow, M. M. Fardiag, R. M. Patoa, P. L. Asherofs, J.
Crosby and C. J. :oyc'o, J. Chem. Researzh (M) 1379, 3601 described trizechyl-
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ving ware unsuccessful (J. H. Boyer and J. A. Hernandez, unpublished resul:s,
cf., R. C. Elderfield, Hetercecyclis Compounds, Vol 7, J. Wiley, New York,
1981, p 471; J. Ackrell, M. Alzsf-ur-Rahman, A. J. Boulton and R. C. 3rown,
J. Chem. Sog. Perk:a I, 1972, 1387,

X. Mizsanashi, N. Ratou, N. Kenmbou and T. Suzux:i, 3eixe: Jaicsku Xagakubu
Rogaku Hoxoxu 1376, i.’_ 1819 (Chem. Abstr. 1976, ’!_Q, 130170w) zreatsd 4,5~
imidazoled:icarbonitrile with hydrazine to produce & diaminopyridazinoiaida-

z0le apparently without the inzesvention of a pyrrolinoimidazole.

NNH, NH,
N
NH, s
\> ol omeeTN, M
NCC\u/

N. 4. El-Abadelan, Z. 3. Kxhan and A. A. Azan:, Synthesis, 1980, l46.

<. H. 3oyer and #. Schoan, J. Aner. Chea. Scc., 1356, 23, 423,

D. W. S. Lathaz, Q. Meth-Coha and H. Suscaizzky, J. Chem. Soc. 2erk:z I 1976,
22%s.

C. Walling and A. Y. Naglier:, . Azer. Chea. 3oc.., l?ec,ﬁ, 1927,

C. 0. Parker, 4. J. Ezmons, #. A. Rolewics and 7. 5. MeCallm, Ta2cranedran,

1362, .7, 73.
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1IC-Cherzsal shifts (ppm) of 107,33 and 197.00 were assigned 5o the fuzcxan
carbon atom closer 20 the exocyclic oxygen atcm and 151,42 and 150.33 =2 tae
other furoxan carbcn atom in compounds .2'3 and ib..“ Specsfic assignments for
the position of the exocyclic oxygen atom and for the non-furcxan '3C-chexm-
i1cal shifts :n compoundz ?.2'31 cannot be made at this time,

1'c-Chamical shift ranges (ppm) of 102 to 112 and 141 o 1§7 with an average
difference of 42 Lave been a3zsigned to furoxan carbon atoms. The mors up-
tisld value described the furoxan catbon atom c¢loser to the exocyclic oxyGen
.w-l,ll

(a) F. A. L. Anet and I. Yavari, Org. Magn. Res., 1975, 8, 158. (b) 3.
Stefaniak, M. Witanowsxi and G. Webb, Bull, Acad. Pol. Sci., Ser. Sci. Chim.,
1978, 26, 281 (Chenm. Abstr. 89: 128704n). (c! T. Osawa, Y. Xito, M. Nawiki
and K. Tzuji, Tatranedron Let:., 1279, 4399.

C. Grundzann, G. W. Nickel and R. Bansal, Liebig's Ana. Chenm, 13735, 1029 re-

portad mp 132-134*C. (dec.}.




BROMINE OXIDATION OF THE DIPOTASSIUM SALT OF
a,a’ -DINITROSUCCINONITRILE INTO THE POTASSIUM SALT OF
NITROKETOSUCCINONITRILE.

%
T. P. Pilla:r and J. H. Boyer

Chemistry Department, University of Illinois

Chicago Circle Campus, Chicago, Illinois 60680

Abstract. The potassium salt 9 of nitroketosuccinoni-
trile and potassium bromide were produced by bromine
oxidation at a nitronate anion in the dipotassium salt

of a,a'-dinitrosuccinonitrile.
Introduction. Comparable electronic effects for cyano
and nitro groups permit the projection of many of the

useful properties of tetracyancethylene (TCNE)l to the
other six derivatives in which ethylene 1s tetrasubsti-

tuted by combinations of these twe groups. Tetranitro-

ethylene 1, apparently highly reactive,2 has not been
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isolated but has been trapped as its Diels-Alder add-

ucts with anthracene and cyclopentadiene.3 Tricyano-
nitro-, trinitrocyano- and 1,l-dicyano-2,2-dinitro-
ethylene and dinitromalec- 2a and dinitrofumareonitrile

2b remain unknown.

i ¥ W=X=Y=2=N0,1

\ /

c=C W=ZX=CN, X=2=0N0, 2a
!\ -
X z W=2=CN X=Y=NO,2b

Unsuccessful attempts to produce olefins 1 or 2 have
included (1) coupling from methylene derivatives, e.g.,

dihalodinitromethane XZC(NGZ)Z,I"5 dihalonitroacetoni-

trile XZC(NO?.)CN,["6 or nitroacetonitrile, OZNCHZCN;6’7

(2) elimination reactions from hexasubstituted ethanes,
e. g., 1,2-dichlerotetranitroethane, [Cl(OZN)ZC]z;8
and (3) oxidation at nitrogen in certain derivatives of

the NCCN moiety.>

Halogen oxidation of dinitronate salts has been
erratic. Bromine oxidized the disodium salt 3 of dini-
troethane into 1,2-dinitroethylene 4 but transformed the
disilver salt 5 of tetramitrcethane into 1,1,2-tri- bro-

§-8,10

mo-1,2,2-trinitroethane Chlorine and the dipo-

tassaum salt 7 of «,a'-dinitrosuccinonitrile gave
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1,2-dichloro-1,2-dicyano-1,2-dinitroethane 8.}

- -3 Br2
0_N=CHCH=NO Na ———=———3p 0, NCH=CHNO.
2 2 o, 2 2
-507C
3 4

Na+

Br
Ag+'02N=C(N02)C(N02)=N0; +Ag ———2——)-BrZC(N02)C(N02)2Bt

] 6

c1
k* “0,N=C(CN)C(CN)=NO} R o—— (C1C(NO, )CN),

7 8

Results. In contrast with the chlorination reaction 7 -
8, bromine and the dipotassium salt 7 gave the potassium
salt 9 (21%) of nitroketosuccinonitrile along with potas-
sium bromide (77%). The structure for the salt 9 was
supported by elemental analysis and by infrared absorp-

1

ticn at 2200 (w, cyano group) and 1645 cm - (m,

carbonyl group in a salt of an u-nitroketone).12 Other

ir absorption at 1590 (s) and 1380 cm'l (s) is charact-
eristic of a nitro group. The salt 9 resisted attack by
halogen, a property previously reported for the dipotas-
sium salt 10 of tetranitroethane (prepared along with a

mixed halogen from 1,2-dichlorotetranitroethane and

potassium icdide).8 In concentrated sulfuric acid at

-40°%, the salt 9 gave an intractable mixture, and in




methanol it was slowly converted into an unidentified

solid, CGHLN;0.K,, mp 276-277°C (dec).

Br,,0°C . _

1 ———=—> K'[0G(CN)=C(CN)NO,<—> 0=C(CN)C(CN)=N0,]
-BX

9

KI
- -+
(CIC(NO,)) ,) , ~————3= K’ "0,N=C(N0, )C(NO,)=NO,K

-ICl 10

Discussion. Electrophilic attack by halogen on 2 mononi-
tronate salt as known to produce a gem-halonitro com-

13

pound. Apparently, similar reactions gave the dichlo-

ride 8 and 1,2-dichlorotetranitroethane 11 from the di-

2.8,11

nitronates 7 and An electron transfer from a ni-

tronate anion to halogen can initiate these as well as
X

R2C=N02 -——2——>R2CXN02, X = Cl, Br

c1,
5 0
5 ———» ((0,3) ccl),

11

similar reactions, i.e., 3 -4, 5+6, 7+*8 and 7 - 9

by the formation of intermedrate radical anions.14

The intermediate 12 from the dinitronate 3 can afford
the olefin & by an additional electron transfer and

account for the fcrmation of l,b-dinitrobutadienelk




by coupling of intermediate 12 followed by an
additional electron transfer and 1l,2-elimination of
dinitrogen tetroxide.

-50% Br,

— e = ————e-
3+ Br, 0 N=CHCHNO , 4

12

2 —>» '02N=CHCH(NOZ)CH(NOZ)CI-I:NO;

13

+ Br ————3 C_NCH=CHCH=CHNC_ + N O + Br-: +
- 2 2 2 2 4
14

15 from

Ejection of a nitro group as a2 nitrite anion
the intermediate radical anion 15 (generated from the
dinitronate 5) can lead to the formation of the tribro-
motrinitroethane 6 on further reaction with bromine.

An expected evolution of nitrogen oxides was not repo-

rted in the abscract.8

Br, . ~NO, 2Br
5 ——> (0_N) C{=NO ———3 0_NC=C(NO, ), ——— 6
= B 272 2 272 T -

~Br NO, Br

-Br*
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In the conversion of an intermediate radical anion
16 from the dinitronate 7 into the ketonitronate 9 a
nitro group was the presumed source of the keto oxygen

atom.16 A differentiation between intramolecular and

intermolecular creation of new carbon-oxygen bonding
can not be made at this time; however, it was assumed
that in either event isomerization of a nitro deriva-

tive into a nitrite ester occurred. There is precedent

for both the thermal i1somerization (Path A)17 and also

for expulsion of a nitrite anion followed by recombina-

tion and expulsion of nitric oxide (Path B)3 to give

an a-oxonitronate salt.

Br,
7 ——»"0 JN=C~CNO,
-Br
-Br® NC CN

16

- A . -NO -
Ar 16— "ON-C-CNO, ——¥ ONOC-CNOy ——»= 0=C-C=NO,

NC CN NC CN NC CN
u 9
-N02 . -ONO -NO
B: 16 ——————» (i=(|:N0 ——p 17— 9
NC CN
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An investigation of the elim:nation of dinitrogen

1
tetroxide from tetranitrosuccinonitrile ;g's was thwar-
ted when nitration of the dinitronate salt 7 failed to

produce 18 and gave instead an unidentified compound 19.

HNO., HNO
3

3
< \/ .
NCC(N02)2C(N02)2CN - /\\ 7 .»C4H6N407
18 H,S0, H,s0, 19
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Exgerimental.l9

Potassium salt 9 of nitroketeosuccinonitrile. To a

11 (1.47g, 6

suspension of a,¢’-dinitrosuccinonitrile
mmol) in anhydrous ether {50 ml) in a three necked
round bottom flask equipped with a drying tube filled
with Drierite and ccoled to -5 °C, bromine (4.0 g, 24
mmol) was added dropwise with vigorous stirring over 45

minutes. After the mixture was stirred at 0 °C for 16

hours a colorless precipitate, 1.68 g, mp > 300 °C, was
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isolated by filtration and dissclved in hot methanol
(40 ml). Dry ether was added to precipitate potassium
bromide. 0.54 g, 77%. with a confirmation of its iden-
tification by the precapitation of silver bromide on
treatment with a solution of silver nitrate. Concen-
tration of the mother liquor brought about the separa-
tion -f the salt 9, 0.22 g (21%), mp 193-194 °C (dec)

after recrystallization from methanol; ir (KBr): 2220

(w, CN), 1645 (m, CO or C=N), 1590 (s, NOZ)’ 1460 (m),
1380 (s, NOZ) and 1325 (m); calc'd for C4N303K: C,

27.12; N, 23.72; O, 27.12; K, 22.02; found: C, 27.27,
27.07; N, 23.68, 23.59 (other samples gave found O,

28.83, 29.11 and X, 26.14).

Repeated recrystallizations of the salt 9 from meth-

anol gave an unidentified colorless solid, mp 276-277
°C (dec); ir (KBr)- 2219 im, CN), 1710 (s, CO),

3 1440(w), 1360(s), 1300(m) and 1110(s); nmr(CH3COCH3
and DMSO-DG): § 2.9(s, 2) and 3.5 (s, 3); anal.

- calc'd. for C6H5N305K2: C. 25.99; H, 1.80; N, 15.16; O,
28.88; found: C, 26.45%, 26.54; H, 1.73, 1.69; N, 15.49,
15.39; 0, 28.15, 28.42.

By Attempted nitration of the salt 7. To a suspension
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of the salt 7 (0.98 g, 4 mmol) in anhydrous methylene
chloride (25 ml) at -35 °C concentrated sulfuric acid
(5 ml) was added dropwise as a light green paste
formed. A solution of concentrated sulfuric acid (2
ml) and fuming nitric acid (2 ml) was then added drop-
wise and the mixture held for 15 m at -30 °C before
warming gradually to 20 °C. It was stirred for 30 m
and the separated methylene chloride layer was dried

(NaZSOQ) and concentrated to leave a yellow gum. Tri-

turation with tetrahydrofuran (0.5 ml) gave a yellow
solid, 0.42 g (52%), mp 167-168 °C (dec) after recrys-

tallization from acetic acid; 1r(KBr): 3345(m),

3240(m), 1670(s), 1620(s), 1380(s), 1265 cm'l(m);
calc'd for CAH6N407: C, 21.62; H, 2.70; N, 25.22; O,

50.45; found: C, 22.14, 21.96; H, 2.78, 2.76; N, 25.59,
25.64; 0, 47.9%4, 47.76.
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O-CYANOMETHYLOXIME OF NITROGLYOXYLONITRILE

. By T. Perumal Pillai and Joseph H. Boyer*

: Chemistry Department, Chicago Circle Campus
University of Illinois, Chicago, Illinois 60680

The formation of the O-cyanomethyl ether 3 {a nitrolate

!

’ ester) of nitroglyoxylonitrile oxime from iodoacetonitrile
i and silver natrite (eq 1,2) offers a new preparation of a
|

nitrolate ester independent of an g-nitronitronate ester or
anhydride. =3

AgNO, AgNO,
ICH ,Cl —————— 0 ,NCH,CN

AgON=C (NO,)CN (1)

!

3 1 2

! ICH,CN H,0

1 Z ————————*-NCCH20N=C(NOZ)CN ———v-HOCH,CN + H0N=C(N02)CN (2)

3 4

Nitrosation of unisolated nitroacetonitrile 1“ followed
by alkylation of the nitrolate 2° by i1odoacetonitrile ac-
counted for the formation of the ether 3. Competitive alkyl-
ation at the oxime nitrogen atom was apparently retarded by
an electron withdrawal into the cyano and nitro groups.®
The liquid nitrolate ester 3 (44%) was the only product iso-
lated; its structure assignment was supported by spectroscopy,

. elemental analysis and chemical reaction (eg 3).

3 + HOCH ,,CN ~———wr NCCH ,ON=C (OCH ,CN)CN (3)




4 -c-e-q » HCN + CO, + N,0 (4)

Warm water transformed the ether 3 into the O-cyanc-

methyl ether 5 (48%), mp 73-74°C,! of cyanomethyl cyanoform-

ate oxame (egq 2 and 3). Its formation can be accounted for
by a nucleophilic substitution of the nitro group in a reac-
tion between the oxime ether 3 and the cyanchydrin of form-
aldehyde, a hydrolytic intermediate. The nitrolic acid 4 was
undetected and was presumably hydrolyzed into hydrogen cy-~
anide, carbon dioxide and nitrous oxide (eq 4).7 The struc-
ture assignment for compound 5 was supported by spectro-

scopy and elemental analysis.
EXPERIMENTAL

Instruments included Perkin Elmer 237B and 521 grating
ir, Varian T-60 and Bruker WP-30 nmr and Varian MS5-30 spec-
trometers. Elemental analyses were obtained from Micro-Tech
Laboratories, Skokie, Illinois.

O-Cyanomethyl ether 3 of nitroglyoxylonitrile cxime.-Iodoace-

tonitrile (20.04 g, 0.12 nmole) was dissolved 1n 200 ml of

dry ether in a 500 ml three-necked round-bottom flask eguip-
ped with a mechanical stirrer and reflux condenser. Silver
nitrite (22.95 g, 0.15 mole) was added in one portion. Af-
ter the mixture was heated at reflux temperature with vigor-
ous starring for 20 h it was cooled and filtered. The ether
solution was dried (Mg50.) and zoncentrated to give the oxime
3 as a yellew viscous oil (8.1 g, 443%). The oxime was eluted
from a column (4 x 90 cm) of silica gel (1006 g) by chloroform
to give 6.8 g (37)%. Arai. calcd for C H,N.0,: C,b31.18;

H,1.31; N,36.36; found: C,31.22; H,1.28; N,36.08; Ir(CH,Cl,):
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3005 (w,CH,), 2220(w,C=N), 1605(s,C=N), 1570 (s,NO,) and

1340 em !(m,NO,); pmr (CDCl,): ¢ 5.2 (s, not exchangeable

with D,0); '’Cnmr (CDCL,): & 125.49(-N=C), 113.01(NC-CH,),
103.24 (=C-CN) and 63.89 ppm {OCH,), split into a triplet in
the coupled spectrum; m/e(70 ev) (3): 154(160) M*, 153(40),

152(50), 138(90), 137{50), 127(80), 126(75) and 109(75).

O-Cyanomethyl ether 5 of the oxime of cyaromethyl cyano-

formate.-A mixture cf the oxime ether 3 (2 g. 12 mmole) and

water (10 ml) was refluxed (25 h), cooled and filtered to

- —

give the ether 5 as a light yellow solid, 0.51 g (48%), mp
73-74°1 after recrystallization from a mixture of ethyl ace-
tate and hexane. Ir(CH,Cl,): 2250(w,CN) and 1615 cm™!
(m,C=N); pmr((CD,):CO): 8 5.13(s,CH,}) and 5.26 (s,CH:),

neither exchangeable with D;0); '’Cnmr (CDCl; and (CD;)350):

8 138.28(N=C), 115.10(C:=N), 113.351CzN}, 105.53(=C-CN),

) 60.93(0CH,) and 54.42(0CH:); m/e (70ev} (%): 164(15) M*,
138(10), 134(20), 109(s), 107{10), 1c4(20), 94(90), 84(20)
80(80) and 79(100); anal. calcd for Ce¢H. N.0;: C,43.91; H,2.46;

N,34.14; found: C,43.96; H,2.38; N,34.04.
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Peroxide Oxidatiun of Diaminomaleonitrile and Derivatives

By Joseph H. Boyver®, V. T. Ramakrishnan and T. P. Pillai

Chemistry Department, University of Illincis, Chicagoe Circle

Campus, Chicago, Illinois 60680, U.S.A.

Diaminomaleonitrile (DAMN) and hydrogen peroxide
1n acetone produced oxamide in 80% yield. Hydrogen
peroxide complexed with l,4-diazabicyclooctane (DABCO)
had no effect on DAMN but the monobenzylidene deriva-
tive of DAMN took up one equivalent of peroxide from
DABCO*2H,0, to give the monobenzylidene derivative
6 of E-1-cyano-2-carbamoyl-1,2-d1-aminoethylene. The
olefin 6 in dimethylsulfoxide slowly isomerized into
its Z-form 3 and the reverse isomerization occurred in
o-dichlorobenzene at 180°C. The meno-N-acetyl deriva-
tive of DAMN took up one equivalent of hydrogen perox-
ide to give an unassigned mono-N-acetyl derivative of
2,3,4-tri- amino-5-oxopyrroline in good yield.

Introduction. An intermediate with peroxyimidic acid groups
accounted for the Radziszewski react.ion? whereby fumaronitrile
and alkaline peroxide quantitatively produced the diamide of
fumaric acid.! A regirospecific control was attributed to the
intermediate 2 in the similar hydration of a cyano group in a
mono imine derivatave 1 of diaminomaleonitrile (DAMN) by aqueous
hydrogen peroxide in alcohol. Cyclization of the amide 3 im

warm ammonium hydroxide into a pyrrolone confirmed the cis-rela-
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tionship between the carbamoyl and cyano substituents. Certain
other mono- and bis-imines of DAMN similarly gave amides but
N,N'-dibenzylidenediamir .maleonitrile was unreactive toward per-
oxide and both N'-acetyl and N'-benzyl derivatives of the amine
1l gave unidentified material.?

On the other hand hydrogen peroxide in the presence of
sodium hydroxide transformed the diazepine 4 (from DAMN and pen-
tan-2,4-dione) into a bicyclic peroxide 5 (75%) and a trace of
oxamide. 1In the absence of a base the reaction gave larger
amounts of oxamide and trace amounts of the peroxide 5. The
diazepine 4 was unreactive toward either m-chioroperbenzoic or
trifluoroperacetic acids under mild conditions whareas more rig-
orous conditions brought about the formation of intractable

material.*

0OH
HﬁCN H,0, HCC=N" H.0: HCCONH,
] —_— | {
NecH HO™ N=CCH H,NCOCH

_o2
HOO -HO™

1l 3
NCCN=CHC.H,  H,0, NSCCNH, NCCN=CHCH,
il —_—_— i1 -
NCCNH, Na,MoO, o-o\ H,HCOCNH,

1
=
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NH,

|

—CN=CHCH
NH,OH S GN=CHCH,
33— |

“Nc—CNH,
i
N=CCH NH—CCH,
Ve 3 /
NCC \ NCC .
i CH _E&_) Il Ci‘lz o (HzNCO)
NCC “OH NCC
" SN=ccH, ~NH—CCH,
4 5

Results. Oxamide was produced from hydrogen peroxide and DAMN
in acetone, methylene chloride, chloroform cr methanol but not
in tetrahydrofuran (THF) or acetonitrile. Peracetic, trifluoro-
peracetic, m-chloroperbenzoic (MCPBA) and monopermaleic acids

with DAMN gave intractable product mixtures (Table).

NCCNH , H,0,
———3 },NCOCONH,
NCCNH,
DANN

The complex DABCO*2H;0, slowly but efficiently converted the
N-benzylidene derivative 1 in THF 1into an intermediate which
rapidly gave the mono amide 6 on the addition of water; trace
amounts of the 1someric amide 3 were detected. On storage in
dimethyl sulfoxide at room temperature for five weeks the amide
6 isomerized into amide 3; the reverse isomerizacion 3 -+ 6(777%)

occurred in o-dichlorobenzene at 180°C.*




H,0 NCCN=CHCH,
—

H,NCCONH,

1 + DABCO-2H,0, — [

H,NCO
C(HsCH=NC?=2C(NH,)CN 7
Investigations on oxidation of DAMN and various derivatives

and summarized in the Table.

The structural assignment for amide 6 was supported by
}3C-nmr chemical shifts (ppm) at 151.25 (C-2) and at 94.58
(C-3), their close association with 152.11 (C-2) and 92.70 (C-3)
repcrted for the amide 3, and the chemial shift differences in
C-2 and C-3: 56.67 for amide 6 and 59.41 for amide 3 which
agree with the calculated difference of 60.) and do not support
the alternative assignment of amide 7 for which a chemical shift
difference 1n C-2 and C-3 of 11.7 was calculated.’

N-acetyldiamiomaleonitrile® 8 and DABCO*2H,0, gave an
intermediate insoluble i1n chloreform. It was assumed to be a
complex between compound 8 and hydrogen peroxide since abscrp-
tion for the cyano group at 2195 cm ™ was detected and treatment
with water gave a mono-N-acetyl derivative 3 of
2,3,4-tr1amino-5-oxopyrroline, a structure supported by 1ir

absorption at 1745 and 1696 cm ™ for cyclic and acyclic amide




66
carbonyl groups, nmr signals at § 2.04 (CH,) and at § 5.4 and
2.9 (NH, exchangeable with D,0), m/e (70 ev) 168 M+, and ele-
mental analyses. The oxopyrroline 9 remained unchanged in the
presence of hydrogen peroxide at 25°C for 24 h; however, after

21 days it was transformed into oxamide.

NCCNHCOCH
i ! DABCO-2H,0, 8-21,0 NHR
NCCNH, THF e 2H .0, NH,
8
3 R= COCH,}

Discussion. A Radziszewski intermediate 10 and 1ts rinz isomer
11 accounted for the formation of oxamide £rom DAMN and hydrogen
peroxide (90%) in acetone. An alternative cyclization of inter-
mediate 10 (R = COCH,) with expulsion of hydrogen peroxide

(its assumed oxidation into oxygen resembled the last step of
the Radziszewski reaction) accounted for the formation of the

N-acetyl derivative 9§ of triaminooxopyrroline.

OOH OFO
H,0, ] 0 15,1
NCCNHR —————3 HKN=C —CNHR HN=C~~CNHR
I —_— | _—
NCCNH, HN=C-—-CNH, HZNE=CN”2
H —y
19 Py

H,HCOCONKR + HzN('I=CNHz ( e 1 : NCOCONH 2 )
!

0—0




Conversion of the mono benzylidene derivative 1 of DAMN
into the geometrically isomeric amides 3 and 6 is obvicusly nct
controlled by the previous intermed:iate 2. An apparent need for
intermediate equivalency between C2-C3 atoms and their transfor-
mation into transient sp’ carbon atoms can be satisfied by 2
peroxide attack on either of these twe atoms in the d:hydroimi-
dazole cyclic tautomer 12 to produce the anion 132. Ring-chain
isomerization into the peroxyimidate anion 13b and hydrolytic

reduction {completion of a Radziszewski reaction) cam account

T
for the formation of amide 6. On the other hand an isomeriza-

tion 13a » 13¢ (see scheme) afforded amide 3 by completion <f a
Radziszewsk: reaction. Unlike its isomer 3, which underwent
cyclization into a S5-oxopyrroline compound % was unaffected by
similar treatment with ammonium hydroxide.
/n -/ﬁ\
Nee \CHCGHS Hooo _ NCC epem, =
Nee / NeC.
HOO

NCC==N=2CHCH,
NCC—NH,
HOO

NCCN=CHC,H,
H,NCC=NH

0-0
136




68

— - ﬂ qw—mﬁ_«—..b. k]
N=CCNH, o 2
i Mz
HOO "HQ'
R

EXPERIMENTAL

Instruments inciuded Perkin Elmer 2278 and 521 grating

i.r., Varian A-568 and T-60 and Bruker »P-89 and A.F.I. #S3C
double-beam masz spectromecers. VYields were based onx starting
materials consumed. Elemental analyses were provided by Micre-
Tech Laberatories, Skokie, Iliinoig. OAMN wes commercially
available.

DAME and Hvdrogern Persxida. AFter a solutien of DAMI (1.0
g, 10 mmel) in tetrahydrofuran (THF) (50ml) was trexted with
hydrogen perexide (90%, 0.9 wml, 32 mmol) and stirred at roem
cemgazature for 16 hours only DAMN was detected by tlc. The
tclvent wiz removed im a rotary evaporator (< «5°C) and chloro-
form wes added to the viscous zesidue. A viclent reasztion
occurrad within a few minules and oxamide (1.4 g , 80%) preci-
pated; dec ziove 3>O°C'S satisfactery titracion of oxalizc acid
derived from the amide against permanganate; 1. (KBr): 3360
(br.s WH}, 3169, 1650 (br.s,CQ), 1340 and 1035 cm *; m'e
[7Gev; {7): 82(100) M . 70(60), and €0{50}.

& zclurion of DAMN (2.0 g, 20 mmol) in acetone (30 ml) with
hysragen pesoxide (90%, 10 ml) was heated at reflux for 20 h to

zive oxaride {1.06 g, 78%).
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H-Acetyldraminomalsonitrile and DABCO<2H.0, A solution

of H-acetyldiamincmaleonitrile? (1.0 g, 6.7 mmol) in THF (100
ml) was stirred with DaBCO*2H,0,3 (3.0 g, 16.7 mmol) at room
remparaturz for 16 hours. Filtration separated the unreacted
DABCO*2H,D, as a colorless solsd (1.6 g). THF was removed

by evarorstion; the residue was triturated with chloroform and
collecred by filtrztion as a light yellow solad (1.5 g., mp
200-2902°C, dec.) whicn dissolved in water to give, after a few
minutes, an unassigned mono-N-acetyl derivative 9 of
2,3,4-triamino-5-oxopyrroline as a yellow solid, 0.65 g., mp >
260°C after recrystallization from dimethyl formamide; 1r (KBr):
2100-3400, 1745 {s), 1696 (m), 1620-1650 (s). 1520 (s), 1400
{s), 1365 {w), 1285 {m) cm !; m/e (70 ev) (%): 168 (15) M‘,

126 {83), 71 («2), %3 (100); nmr (DMSO-d.): & 2.04 (s,

CH;), 5.4 and 9.23 exchanged with DZO; found: C, 42.74; H,
%.867 N, 33 03; C(H,N.0, requires C, 42.86: H, 4.80; N,

33.32%.

Benzylidenediaminomaleonitrile. Diaminomalesnitrile (8.0

g, 74 mmol), benzaldehyde (11.0 g, 104 mmol) and a few drops of

trifluoroacetic acid 1n methanol (200 mi) was stirred for 16

hours. The product 1. partially soluble in methanol was

obtained quantitatively (14.3 g) on concentration of the sol-

vent; mp 198-200 °C (dec)’; '’C-nmr(DMSO-d¢): & 1G2.81,

113.74, 114.42, 126.96, 128.75, 12%9.04, 131.52, 135.55, 155 23.
DAMN and permaleic acid. A solut:ion of hydrogen peroxide

(90%, 7.0 g. 185 mmol), 1.2-dimethoxyethane (150 ml) and malexc
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anhydride (24.0 g, 250 mmol) was heated to reflux, treated with
a solution of DAMN (2.0 g., 18.5 mmol) in dimethoxyethane and
heated at reflux for 16 hours. Solvent was removed and the
reside diluted with water and extracted with ethyl acetate. The
organic layer was washed with sodium carbonate solution, dried
{(MgSO,) and removed to leave a residue in trace amount. Com-
bined yrelds from several runs were chromatographically sepa-
rated from a column of silica gel. Elution with chloroform gave
2-amino-3,5,6-tricyanopyrazine, mp 220-222°C (dec)x (ethyl ace-
tate-chloroform) and cyanoformamide, mp 60~62°C‘°(ethy1 acetate-
chloroform); ir (CH,Cl,): 3485 (m), 3370 (m), 2235 (w),

1725 (s), 1592 {m), cm '; m/e (70 ev): 70 M".

Benzylidendiaminomaleonitrile and DABCO*2H.0, A solu-
tion of benzylidenediaminomaleonitrale® (1.0 g, 5 mmol) in THF
(50 ml1) was treated with DABCO*2H,0, (2.0 g, 10.7 mmol) and
stirred at room temperature for 30 days. Solvent removal,
treatment of the residue with water, and filtration gave a
selid, 0.7 g (two spots tlc). The E-monoamide 6 of benzyli-
denediaminomaleonitrile separated from a solution of the mixture
1n dimethyl rormamide and tetrahydrofuran; mp 225-7°C(dec); air
(KBr): 3420, 3200-3300. 2185, 1695, 1610, 1560, 1420 cm *;
m/e(70 ev) (%): 214 (S5) M°, 213 (28), 197 (4), 196 (25), 170
(10)., 169 (6). 143 (8). 142 (25), 138 (8), 137 (100), 120 (40),
117 (14), 116 (22), 115 (12), 111 (12), 106 (10), 104 (20), 95
(14), 91 (8). 90 (23). 89 (26), 78 (22), 77 (20); found: C,
61.31; H, 4.79: N. 25.90; C,,H,,N.O requaires C. 61.67: H,
4.71; N, 26.15%.
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The Z -monoamide 3 of benzylidenediaminomaleonitrile was

detectea by tlc comparison with an authentic sample;’®

mp
211-212°C (dec), 1lit.? mp 197-9°C (dec); m/e(70 ev) {(%): 214
{56) M*, 213 (28), 197 (4), 196 (26), 170 (12), 169 (8), 143
(11), 142 (36), 138 (8), 137 (100j), 120 (45), 117 (i8), 116
(30), 115 (16), 111 (16, 106 (9), 104 (20), 95 (i4), 91 (10),
90 (25), 89 (34), 78 (20), 77 (18); '’C-nmr (DMSO-d¢): 6

92.65, 115.25, 128.17, 128.70, 130.26, 136.48, 150.18, 152.32,
164.51.

Both tlc and '’C-nmr revealed an isomerization of the amide
6 intc amide 3 in dimethyl sulfoxide-d¢ (solvent used for nmr)
in about 30 hours to an extent of 30%. After 5 weeks the isom-
erization reached 50%. Both isomers 6 and 3 were detected by
P3C-nmr: 92.58(3), 94.58(6), 114.14(6), 115.29(3), 127.44(8),
128.17(3), 128.65(3), 128.90(6), 130.17(3,6), 136.19(6),
136.49(3), 148.39(¢), 150.03(3), 151.25(6), 152.52(3),
163.09(6), 164.61(3). The assignments for compounds 6 and 3
were determined from two spectra from the same solution, one
taken when the solut:ion was freshly prepared and one after an
interval of 5 weeks.

When the reaction was carried out in aqueous ethanol (90%)
benzylidenediaminomaleonitrile and the DABCO*2H,C, at room
temperature for 14 days turnished the amide 3 in 65% yield.

After treating the amide 3 (200 mg) with DABCO*2H.0,
complex (500 mg) in tetrahydrofuran at room temperature for 40

hours the presence of the amide 6 was detected (tlc).
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Heating a sample of amide 3 (200 mg) at 180°C in o-dichleo-

robenzene (10 ml) for 2 hours afforded the fumaramide 6 in 75%
yield, identified by tlc, mp and mixture mp.

The amide 6 {10 mg) remained unreactive to ammonium hydrox-
ide (28%, 3 ml) after 3 h at 25°C and was quantitatively recov-

ered. Under similar conditions the amide 3 cyclized into the

3
oxopyrroline 9 .

Acknowledgement: Financial support was received from ONR.
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DAMN Derivatives, H,NC(CN=C(CN)NRR', and Peroxides

R Peroxide Hours? Prcduct,
R! Solvent t, °C % yield
H H,0,P 0.2 {CONH,) ;©
H CH,C1, 25 43
H H,0,P 0.1 (CONH,) ,€+dr€/
H CHC1, 25 80
H rco HE 1 NCCONH,, 10%
H CH,C1, 39 mp 60-62°9
CH,CO H,0,° 40 (CONH,) ;€
H CH,OH 25 31
=C(C H,), CF,CO H 1 Trace
CH,C1, 39 unidentified
b 3
=CHC (H,0CH,-p| H,0,° . 64
CH,0nh L 25

3Time required for disappearance (monitored by tlc) of
DAMN or a derivative. DPCommercial reagent, 90% in 6-60 molar
excess. °CNo other product detected by tlc. dStarting material
detected by tlc. ©Oxamide was not detected when DAMN was

treat«:d with either H,0, or DABCO+2H,0, in THF; the latter gave

an unidentified solid, mp 134-136°C. fMonopermaleic acid.
9There was also a trace amount of 2-amino-3,5,6-tricyanopyrazine,
mp 220-222°C(dec), previously obtained from DAMN and trifluoro-
peracetic acid (R. . Begland, D. R. Hartter, D. S. Donald, A.

Cairncross and W. A. Shephard, J. Org. Chem., 1974, 39, 1235).
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hyieh a catalytic amount of NaOH. In the absence of alkali an
intractable mixture was obtained. lIntractable mixtures were
obtained from treatment with H,0, in CH,CO,H, CF;CO.H, HNO,,
CH,CN oxr THF or from treatment with MCPBA in CHCl; or CH,Cl,.
Starting material was completely recovered after treatment with
DABCO®2H,0, in THF. JA trace amount Of p-CH;0C H,CH=NC (CN=

T(NH,)CONH,, mp 213-216°C.?




A 7-Azanorbornene from a Pyrrole and Tetracyanoethylene.

By Joseph H. Boyer,* T. P. Pillai, and V. T. Ramakrishnan

Chemistry Department, University of Illinois

Chicago Circle Campus, Chicago, Illinois 60680

7-(2-1¢,2'-Dicyano-2’-aminovinyl)~$,5,6,6~-tetracyano-1,4-dimethyl-
norbornene 2 was obtained from the Diels-Alder addition cf tetra-
cyanoethylene to 1—(3—1',2'—dicyano-Z'-aminovinyl)-Z,S-dimethyl-

pyrrole 1.

The pyrrcle ring has rarely functioned as a diene in a Diels-Alder

2

1
reaction.”’ An addition of tetracyanoethylene3 to 1-(z-1',2'-

dicyano-2'-aminovinyl) -2,5-dimethylpyrrole lq occurred readily

to produce 7-{2-1',2'-dicyano-2’-aminovinyl)~5,5,6,6~tetracyano-1.
4-dimethylnorbornene 2 in excellent yield.* A competitive substi-

3 to give a tricyanuvinyl derivative was not de-

tution reaction
tected. Apparently the N-vinylamine substituent activated the
pyrrole ring toward electrophilic attack (SCheme);2 however, both
maleic anhydride and diethyl butynedioate failed to react with
the pyrrole 1.

Compounds 1 and 2 resembled diaminomaleonitrile in resistiny
oxidation by peroxides.6 In other support for the adduct 2, '?C
nmr coniirmed assignments for each of the s:ixteen carbon atoms;t
pmx detected methyl, amino and olefinic protons in the rat:o

3:1:1; ir showed expected absorption for C:=N, >C=C<, CH and NH

bonds. A very rich mass spectra (M+ not observed) showed a prin-




cipal peak at 287 (M - HCN), minor peaks at 186 and 128 attrib-
uted to a retro-Diels-Alder reaction,7 and a minor peak at 94

attributed to the dimethylpyrrole nucleus (C538N).

21
NCC=C(CN)*"H,,

— |
H,C™ CH N
'
NC(!: (Nc)2

NCC ByC
N+
i)

2 structures

Acknowledgement: Financial support was received from ONR.
Footnotes.

+Equimolar portions of compound 1 and TCNE were heated at reflux
in tetrahydrofur~sn for 5 h. Evaporation of the solvent left the
adduct 2 (88% yield), mp 254-255°C after recrystallization from
a mixture of ethyl acetate and hexane. It gave satisfactory

elemental anzlyses for C, H and N.

%
“13C nmr for adduct 2 in perdeuterated dimethylsulioxide at

either 25 or 70°C: & 142.38 (C2); 133.51 and 133.14 (gCH3);
115.90, 115.05, 114.44, 112.65, 113.41 and 112.50 (CN); lu6.73
(C3 and C4) 83.65 (CS and C6); 81.89 (Cl); 12.05 and 11.20

(cHs).
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Niszaaamingsandmumineamms.es;and.tm:alinha:igﬁmings.
A preliminary report.

N-Alkyl(aryl)benzylamines 1-3 and N-methyl-8-phenethyla-
mine 4 were nearly quantitatively transformed into nitrosamines
2-8 by nitrous acid in acetic acid buffered with sodium ace-
tate.1 The benzylamine 1 also was nitrosated by nitrosonium
tetrafluoroborate under anhydrous conditions to give the nitrosa-

mine 5 in high yield.2

AcOH
CgHs (CHy) NHR + NaNO, —— Cgls (CHy) N(NO)R
AcONa
-4 5-8
Reactants Rroduct
R n  No Conditions No Yield,%
CH, 1 1* 38 mol 'noz,90°c, 3h 5 83
C(CHy); 1 2+ 6 mol 'N02,25°c,a.sn 6 89
CeHg 1 3* 6 mol "N0,,25°C,8.5h. 1 189
CH, 2 4+ N0, ,25°, 8 100
CHC,/N, Na,Co,
2 1 + NOBF, 86% 3 + 1 HBF, —= "3 ], 94,

25°C, 16 h

N,N-Dimethylbenzylamine 9 and N,N—Dimethyl—B-phenethylamine
18 were efficiently tranformed into secondary nitrosamines §,

8 by either nitrous acid or nitrosonium tetrafluoroborate.




9n=1 S5n=1

18 n=2 8n=2

A Conditions: NaNO, (18 mol ratio), AcOE, AcONa, 96°, 3h.

Yields: 5, 68% (412 recovered 9).

8, 82% (590% recovered 12)

B Conditions: NOBF, (2 mol ratio), CHCly/N,, 25%, 78-18¢ h

Yields: 5, 61% (75% recovered 9) + CGHSCEO(t:)

8, 56% (73% recovered 18)

Peroxide efficiently oxidized the nitrosamines 5 and §

into nitramines 11 and 12.3

CSHS(CEZ)nN(No)CB3 _——->C685(C82)nN(N02)CE3

2
8

n=1 ln=1
n=2 12 n=2

5 —» 11, 90%

Conditions: E,0, (38%), AcOH, 96°c, 7h.

8§ —»12

Conditions Xield,3

A. H,0,(30%), Acom, 9¢°C, 7h. 78

B. m-CI1C/H,CO;B CHC1,,66°C, 48h 166 (recovered § 35%)
C. B,0,(38%), CF,CO,H, CH,0H, 78°C,3h. 46 (recovered 8, 56%).

The overall conversions of tertiary amines 9, l@ into

nitramines 11, 12 are 65 to 808%.
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Acetone cyanohydrin nitrate converted the secondary amires 1
and 4 intc nitramines (56~-88%); under similar conditions the ter-
tiary amines 9 and 18 are unaffected.4 For the transfor-
mation of acid-sensitive secondary amines into nitramines this pro-
cedure appears preferable to both the two step process of an
aqueous nitrosation followed by oxidation and direct nitration in

an acid medium.

CGHS(CHZ)nNHCHB —~——"——)>Csﬂs(Cﬂz)nN(Noz)CH3
ln=1 lln=1
4n=2 12 n=2

Conditions: (CH3)ZC(CN)ONOZ, no other solvent,
25°, 6da(for 1), 2da (for 4)
Yields: 58% 11 and 50% C6H5C827C83
(CB3)2CCN
#33 12 and trace of C6R5CHZCHZTCH3
(CE3)2CCN

Nitramires w=re not detected from amines 1, 4, 3 or
18 when treated with nitronium tetrafluoroborate in concen-
trated sulfuric acid or in 1,2-dichloroethane or with mixtures of
nitric and sulfuric acids; ring nitration occurred instead. Simi-~
lar results were obtaired from nitriec 2cid (4 1.5),5.

An evalvation of the preparation of gac-nitrosamines for
oxidation into nitramines froem corresponding teti-amines in

a mixture of nitric and hydroch’oric acids is coatinuing. Thas

method was first reporved by Japanese workers.6
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BNO, {0}

RzNCHzR —_— R2NN0 —— R2NN02

HC1
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